Objective: Sitagliptin is a new oral glucose-lowering medication that acts via the incretin hormone system. The most common side-effects are headache and pharyngitis. Acute pancreatitis is rarely described in literature. Research design and Methods: We report four cases of pancreatitis that developed in patients after 9 days to 18 months of treatment with sitagliptin. Result: The origin of acute pancreatitis has been attributed to the administration of sitagliptin after a thorough analysis of the different possible etiologies with different accountabilities defined by Delcenserie R. (2001) as the time of onset criteria, the existence or not of other metabolic, toxic or genetic causes.Conclusion: Acute pancreatitis in patients receiving sitagliptin seems to be rare but physicians should be aware of this possibility.
Introduction
Several large clinical studies have confirmed the efficacy and safety of the dipeptidyl peptidase (DPP)-4 inhibitor sitagliptin for the management of type 2 diabetes. Pharmacological inhibition of DPP-4 is an alternate approach to increase circulating concentrations of endogenous active GLP-1 and thus glucosedependent insulin secretion. The most frequent adverse events with sitagliptin include nausea, an increased risk of rhinopharyngitis and headache. Although pancreatitis, due to sitagliptin administration, has been reported, there are only a few documented cases [Egan AG (2014) We report four patients followed in a single hospital (Foch, Suresnes, France) who developed acute pancreatitis, which was probably sitagliptin-induced.
History and examination

Case 1
A 58 year-old woman presented with the following medical history: thyrotropic pituitary macroadenoma with secondary gonadotropic and somatotropic failure, hypertriglyceridemia treated with fenofibrate and post smoking chronic obstructive pulmonary disease. The patient had also undergone a cholecystectomy for biliary colic in 2004 and removal of a residual stone of the main bile duct in 2008. In July 2010, uncomplicated type 2 diabetes mellitus was diagnosed during a routine hospital stay. The glycosylated hemoglobin (HbA1c) level was 7.9%. The treatment was begun with 60 mg gliclazide and 100 mg sitagliptin daily. In January 2011, the patient was admitted to the emergency unit due to radiating epigastric pain with an occlusive syndrome. The lipase serum level was 2577 UI/L (normal upper value: 227 UI/L). Liver tests were normal except for a slight and stable increase in gamma glutamyl transpeptidase at 2N. There were no biological signs of severity (Ranson = 0). To obtain a diagnosis, an abdominal computed tomography (CT) scan was performed and showed fatty infiltration of the pararenal area behind the tail of the pancreas (Balthazar 2 points). There was no biliary lithiasis or pancreatic duct abnormalities on MRI. Patient characteristics (origin, body mass index) and the risk factors for pancreatitis are shown in tables 1 and 2 including alcohol consumption, biliary lithiasis, pancreatic duct abnormalities or calcifications (on CT scan and MRI), metabolic abnormalities (lipids, calcemia), pancreatotoxic medication intake, family history and genetic abnormalities (protease serine 1 (trypsin 1) (PRSS1), serine proteinase inhibitor Kazal type 1 (SPINK1) or the cystic fibrosis transmembrane conductance regulator (CFTR) gene (the 30 most frequent mutations were searched for using the CFTR gene kit Elucigen CF30, Tepnel. Diagnostics, Oxon, UK)). There was no evidence of autoimmune disease. The patient was treated for symptoms (analgesics, fasting). The course was favorable and the patient was discharged three days later. Sitagliptin was stopped and replaced by insulin and metformin. There was no relapse of pancreatitis at 10 months of follow-up (table 3) .
Case 2
A 69 year-old man presented with a history of hypertension and moderate hypertriglyceridemia (3 g/L) treated with atorvastatin. He had had type 2 diabetes mellitus for 10 years and was initially treated with metformin which was later combined with glibenclamide. Diabetes was complicated by diabetic retinopathy, neuropathy of the lower limbs, and nephropathy of a mixed diabetic and hypertensive origin (creatinine baseline 140 μmol/L). Patient characteristics (origin, body mass index) and the risk factors for pancreatitis are shown in tables 1 and 2. Because diabetes was not sufficiently controlled, triple therapy with metformin 1000 mg tid, sitagliptin 100 mg once a day and glimepiride was begun in September 2009. Nine days later, the patient was admitted for abdominal pain, nausea and vomiting. Lipase serum levels were 9900 UI/l (N<227 UI/L). Liver tests were normal, the alkaline reserve was 13 mmol/L and serum creatinine was 1700 μmol/L. Unenhanced abdominal CT scan showed a minor peripancreatic infiltration without any collection (Balthazar 2 points). There was no biliary lithiasis or pancreatic ducts abnormalities on ultrasound or MRI. There was no evidence of an autoimmune disease. There were no biochemical signs of severity (Ranson 0). Sitagliptin was then stopped. Clinical symptoms improved, lipase levels rapidly normalized, and the patient was discharged after five days. There was no relapse of pancreatitis after 25 months of follow-up (table 3) .
Case 3
A 49 year-old woman presented who had had type 2 diabetes since 2003 and had initially been treated with glibenclamide, acarbose and metformin, as well as atorvastatin for dyslipidemia. Diabetes mellitus was complicated by diabetic retinopathy, neuropathy and lower limb arterial occlusive disease. In July 2009, a combination of sitagliptin 100 mg once a day and glargine insulin at bedtime was begun because diabetes was not sufficiently controlled (HbA1c at 10.6%). Patient characteristics (origin, body mass index) and the risk factors for pancreatitis are shown in tables 1 and 2. In October 2010, the patient was admitted after two days of epigastric pain in the upper-right quadrant. Serum lipase levels were 884 UI / L (N <227) and liver tests were normal. The next day, a contrast enhanced CT scan showed enlargement of the pancreatic head and infiltration of the peripancreatic fat without parenchyma necrosis (Balthazar 2 points). There was no biliary lithiasis or pancreatic ducts abnormalities on ultrasound or MRI. There were no calculi in the common bile duct. There was no evidence of autoimmune disease. The patient was treated for symptoms and was discharged five days later, after pain had disappeared and lipase levels had normalized. Sitagliptin was then stopped. There was no gallbladder lithiasis or other biliopancreatic abnormalities on endoscopic ultrasound one month later. There was no relapse of pancreatitis after 11 months of follow-up (table 3) .
Case 4
A 52 year-old man presented with the following medical history: hypertension and uncomplicated type 2 diabetes diagnosed in 2004 and treated with metformin. The patient characteristics (origin, body mass index) and the risk factors for pancreatitis are shown in table 1 and 2. The patient was prescribed sitagliptin100 mg per day in December 2008, and glycemia was controlled with HbA1c at 7.4%. In June 2010, the patient was admitted with epigastric pain, nausea and vomiting. Lipase serum levels were 25,559 UI / L (N <227) and liver tests were normal. A contrast enhanced CT scan showed infiltration of the peripancreatic fat and left pre-renal necrosis (Balthazar 3 points). Sitagliptin was stopped. After 9-days in the intensive care unit with a simplified acute physiology score (SAPS) then 16 days in a surgery unit, he was referred to the diabetes unit for a basal-bolus insulin regimen with lispro and glargine insulins. There was no biliary lithiasis or pancreatic duct abnormalities on ultrasound or MRI. There was no evidence of autoimmune disease. There was no relapse of pancreatitis after 16 months of follow-up (table 3) .
Investigation
Three of these four cases of pancreatitis can be reasonably attributed to sitagliptin, while case number 4 is less certain (table  4) .
Because of the risk of a relapse of sometimes severe pancreatitis if there is a drug readministration and because several antidiabetic treatments are available, we did not do a sitagliptin rechallenge in any of the patients. Delays suggested or were compatible with sitagliptin-induced pancreatitis in two patients, while they were less suggestive in the two others. Indeed, delays of 15 and 18 months (cases n°3 and 4) were less evocative while not excluding the responsibility of sitagliptin. (table 3) . Patients had no significant chronic alcohol consumption and only one was addicted to tobacco. Biliary pancreatitis or hyperlipidemia was unlikely although patients were > 45 years old and BMI > 30 kg/m2 in two of them. The effect of a high BMI on the risk of pancreatitis is limited and equivalent to a 1.2-fold increased risk per five units of BMI [Blomgren K. B. (2002) ]. All patients had normal serum triglyceride levels at diagnosis. Liver tests were normal at admission and imaging tests did not suggest biliary lithiasis. Calcemia was normal in all cases. There were no duct/parenchyma abnormalities on either CT scan or MRI. No other pancreatotoxic drugs had been recently added and there was no history of abdominal trauma or radiotherapy. Analysis of genetic factors is still rare in the reported cases of drugassociated pancreatitis. It is interesting to note that two of the four patients had a genetic abnormality in the CFTR or SPINK1 gene (table 2) Identifying drug-induced pancreatitis in patients with type 2 diabetes mellitus can be difficult due to confounding factors, such as patients receiving various potentially pancreatotoxic medications: fenofibrate, statins, angiotensin receptor antagonist and angiotensin-converting enzyme inhibitors. Likewise some other oral hypoglycemic agents as GLP1, metformin and glyburide may cause pancreatitis [Cohen (2013) , Fimognari (2006) ]. However, only two of these patients were receiving this type of drug and had been for more than five years. Thus, their responsibility seems unlikely.
Preclinical studies of sitagliptin toxicity during drug development program showed the potential occurrence of pancreatitis in animal testing, what opposes a recent study in which smiled were exposed to sitagliptin during a year, without increased risk of pancreatitis [Aston-Mourney K. (2013)]. In contrast, this has been poorly documented in humans. One case was reported in a 53-year old woman who was treated for type 2 diabetes with metformin 1000 mg x 2/day and gliclazide 160 mg/day for 6 years [Garg R. (2010)]. She had also taken orlistat to lose weight, which may result in rare cases of acute pancreatitis in the first days it is taken. However, the patient had been taking it for more than eight months with no pancreatic pain. Finally, imputability was not evident. Similarly, a case of acute pancreatitis was reported in a patient receiving vildagliptin [Girgis C. M. (2011) ]. This 61-year old-woman had had type 2 diabetes mellitus for five years. She has been receiving sitagliptin for six months and then switched to vitagliptin five weeks before the diagnosis of acute pancreatitis. Because of the absence of any obvious secondary cause for pancreatitis and the temporal sequence of events, this case suggests a causal relationship between the initiation of vildagliptin and the development of pancreatitis.
Likewise, the FDA lists 88 post-marketing cases of acute pancreatitis, including two cases of "hemorrhagic" or "necrotizing" pancreatitis in patients using sitagliptin between Similarly, in 2012, the French regional pharmacovigilance centers have reported eight cases of acute pancreatitis in patients receiving sitagliptin. There were three women and five men aged 52 -81 years old who had been taking sitagliptin for between nine days and one year. All of them had a favorable course after the drug was withdrawn. One patient had gallbladder lithiasis without bile duct enlargement; there were no available data in the remaining patients (unpublished data).
In a series of > 8000 patients receiving vildagliptin compared to a control group of 6210 patients receiving other oral antidiabetic medications, there was no evidence of an increased risk of pancreatitis. OR<1 (0.10-0.24 % in the vildagliptin groups vs 0.17 %). It did not result in a greater incidence of acute pancreatitis when used for periods of between 12 weeks -2 years. A previous analysis pooled 12 double-blind randomized studies of up to 2 years in patients with type 2 diabetes mellitus including 6139 patients treated with either sitagliptin (n = 3415) or a comparative agent (placebo or other oral antidiabetic drugs, n = 2724). There was no difference in the incidence of pancreatitis between the two groups [Engel S. S. and Golm G. T. Finally, we wish to clarify that this analysis was performed independently of the FDA.
Conclusions
Acute pancreatitis in patients receiving sitagliptin seems to be rare but physicians should be aware of this possibility and be cautious about the monitoring of long-term treatment.
